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Exhaust fcaiisdon Cnntiol System for Variable Cylinder Sv»rem tnginw 
Claiia{s) 

An exhau» emlstic, control sys»m fer a variable cylinder wwm engine con.priacd of « vuiablB 
.ylinder system conwl circuit that shuts off the fuel supply to at least one of the cylinder s^ups 
comprised of a specified number of cylinder depcndinu oa «..sine load; oxygen sewots ond three- 
s-ay ctolvAs that are provided to the exhaust passages of rauhiple cylinders belo«sins to the groups 
of multiple cylinden D.enlioncsd above to conirol die air.fuel raiio when the eagme is operated under 
ilie pamal cylinder mode; and on oxygen sensor and a three- w«y catalyst «Wcb *re located in the 
merged scctionof the exhaustpassagesdou,>.t,camoith« exhaust pa«agcsmenrion^^ 
amai^fuol ratio «*enih«e.tgine IS operated uriHer the full cyIinde,mode;auniquefe^^^^ 
.btt the system is equipped ^^th a switching device that switches .he active cylinder smup whenever 
The engine operating mode changes from ftill »:>linder mode to paitial cylinder mode. 
Detailed Expisoatinn of the Invmtfon 

Tins inv«.Hon com:en« ifae exhauii emission contrel sy^em uf variable cylinder system engines 
equipped with a v„;;d,le cylmder conncl sy«cm th« varies di. number of cylinders to which fuel ts 
supplied dn»endinE on e,«i„c load. auJ an ai,.ftcl r«io con.ro! system tor exhaust ei„is„on control, 
^vhereby the swiichmg is made b«*,eft .he inactive cylinder g,^ «id the «rtive cylinder group 
i»*enever the engi,« nms under full cyliwl«- .««jc: ,he purpose «f which « to improve ,he dnvmg 
feeling. 

U. general. wl.«ever en engine is open..ed under a heavily loaded condition, engine fad economy 
tends ,0 in,p.ov„ Tlus is the r«»on for Oie use of a variable cylinder system for a mulbple cylinder 
engine. When it is operated under a light load condition, ihc fuel supply »« partid group of Itt 
cyhndm i. shut offso the, the load for the remaining active cylioder gmup ran be inc«.sed by d,. 
load coneaponding to .be inactive cylinders. This resulu in a relative j„ ,o«, p„ ^^^^ 
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leading to u»provem«it in die ovctnli fuel economy of the engine. 

On the other hand, there is a system known as ar engine exhausi emission control means in which a 
three-wi^ catalyst is insialled in die exhaust system, while the oxygen concentration cf ihe exhaust i?a« 
is dereucd to achieve feeiHiack control of tfje aii-fud ratio to becotiic approxiraafcly equal to the 
sioicbioinetnc oir-fuei raiia so that the three-way catalyst can perfmni oxidation of HC and CU as 
well as reduction of NOx at tlie same time widi high efficiency. ^X'hm riiis particular exhaust emission 
cotitrol system is applied m avanablc cylinder system engine, especi^dly undw^apanial rylindcrmode 
^1 a pania! group of its cylinders is made inttcdvc, die oxygen ccHu;entration io die whaust gas 
becomes cxccawvely high and different from that iu the acmal active cyliudcw supplied with fuel This 
reaulfs from air exhausted from ihe inachve cylindeis widiout combustion, which forces the control to 
decrease the air-tucl ratio. 

In nider to arcurovent ibis problem, ox>'sen sensors and 3-way c«alyst>i are in^tdied separairly fer 
the split exhaust passages, one for Ac active cylinder group and the odi«r for the inacrive cyhnder 
group, no that die air-ftiel raiio can be feedback-commlled indcpendendy ofeach other <?roup of cylinder 
while die feedback control can be stopped for the inactive cylinder giuup during the partial cylinder 
nof^tde. 

Tliis system has As problciu thai the three-way latalyst in die Inactive cylinder group is rntiled 
diinng the porrial cylinder nnule by the exhaust air. When this partial cylinder mode is continued fdt a 
long time, die caitalysr temperaiurc becomes lower dum die acti\'ation lempci ature needed for catalytic 
reaction, lending to a potential inabdity to achieve die required reaction efficiency when die engine 
ruiiiiine condition calls for die full cyhndar mode. 

fa order to address diiv problem, die inactive cylinder group is altempted with *c active cylinder 
group during engine o{>eratioo, mstaad of being inacrive oJI die time, in sjch a manner that die uv« 
frequency of the diree-wiy catalyst is made to be equal between the active i»nd inactive cylinder groups. 

rhis method, however, requires frequent switdiine between the cyb'nder groups depending on die 
relacionship widi respect to die catalyst temperature, requiring switchovers even duririij the partial 
cylinder tni^e resulting in discommuou's combustion relative to ihe ignition sequence, which leads (o 
a potential deierioratins driving feeling (.^ock generation) durir.g the switchover period. 
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«y«Meis (44 - respecovelv. and Id u the meroeH -.1. 
nro divided passaitte. «J»aiat passage of these 

^xyijen s. 6, ^ 7. .espcctivclv Th. «u» f 

w » nj« mjetuon control circuit (BGI dreuit heraiftert 11 a v 
ccmToI circuit ,7. fto« a ««tchi„g ci«„« ,6 . ; " 



feedback aignol, menuonwl almvc. before it is supplied to fuel injeoion valve 13 for <pl - 03 cylmdcra 
and fuel imcction valve 1 4 for ^ - $6 cylinders diroufih the variable cylinder syswm rnnirol circuit 
(V'CS circuit, hereafrei), 12. 

VCS circuit 12 nnjmdoned above perfonrs die control functiua, as indicated in Fig. 2. in such a 
mflnncif thot it selectively shuts otT the fljel supply to cylinders <|>1 - 03 or to cylinders iH - ({>6 under a 
light engine load condiiion, and supplies fuel to nil cylmdere (6 cylinders) under aheavy load condition. 
Urn status^uo region (in Fig. 2) rcpresente die hysteresis region for proventinB hunting during the 
pttiiod ^en the cylinder iproups arc switched over. 

Based on the signal firoiu the diroWe switch, die full cylinder mode restoration rpm is decivasod 
from No to No* during the lime the throttle valve is fully closed. 

VCS circuit i2is confirmed as that shown in Fijj 4. Inthiafifiure, 23 and26 pulse ^wddlaMnpa^ators. 
*vhicb compare die output of comparison ^tandacd voltage xeneratoi 27 for a heavy load (P^) and the 
output of comparison standard voltogt generator 28 tor a light lond (?^^. with the oiitpul of the fuel 
injection pulse signal, P^,, If the latter is gntmv than the respecJivc standard values, VPS circuit 12 
outputs die high Icvd signal. "1." Aflip^o^i, 33. pcnnits inpurof theoutputof comparMior25 tothe 
J-terminal, and input (jfdic output of compamfnr 26 to die K -tenninal through d sign iavwier, 29, so 
that the sign of these outputs are changed The itumber ot cylinders is detemincd based on die output 
of fhp-flop 33. ti piiaciple. output Q become -1" for the ^-cylindw nignal when P^r^P^K, ai.d output 
Q becomes " 1 " for die 3-cylinder signal when P^ <P,vi. 

A comparator. 3 U to which die voltage. corresponding to the engine ipm is input dirough an F. 
V convener (ff equency. voltage convener), 3 0, compares the V>ih outp^ 
voltage generniui; 32. If it is found that V^>V,, "1" ,s input ro the S-termmol (set lenninal) of fhp- 
flop 33 so rfiat output Q ,s restored to "P for die Ssylmder operariori iritspeciivd of pulse width P^. 

In addition, die rpm standard voltage oencmtor 32. x^en the Tully dosed" signal is ioput fiom 
throtde .witch 8. switches Its geaerai.d standard voltage from to V^' causing die ,t,.n for die 6- 
cylinder reatoratioD lo dKre^se fimfaer. 

Flip-Hop is designed to swtch the mactive cylinda group over to the group coasistini; of ♦! ~ ^3 
eyliadeis or to the gro.,,, consirting of 01 ~ 96 cyHmtos tvay am* A» ru».ing condition beeomes the 



sow m tuoi injectiun valve 14 for ^ - <^ cyliodcra 

Q«nd5«re,nv«te«l»one„dd,«««. . *^P««Oon because output, 

Hero, thonorniBllycliwadanaloaswifrf..,/-- .. . 

w oiMios suitchM (normally c oscd relavti 10 «r, j ^ 
s^tchingcircuit \6Hren«n^^ j. • . ways). 39 and 40. and 11 and 42. i., 

'wnsrf on when 91 jrnals "a" ami -n*- l 
pr«enceofsigai„veTO„.«aad44.) b«au« of 4e 

'"aft«„pcc.Wti„,ed.,.y..hco«*«of<«y,en,ensor5o,7i3 
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gelccttsd corrwpoflding xo these Ki^DAls before being ittput to comparautrlS in air*fuel nmo control 
circuit 17. 

Sp^tcifically, since variable cylinder signal "b" is v^-hen cylinders q1 - are inactive, analog 
switcl\ 40 is turned off wMe switch 'J9\s turned on At the came rinifc. since variable cylinder signal 
' 'a" h *'0/* anoloc^ switch 41 is named on and switch 42 is turned off, causing the output uf oxygon 
eensut 5 to be selected to perfcinu feedback control oriho air-fuel rado, which is explained later, for ^4 
- iIiA cylinders. 

Similarly when cyUndm 04 ^ are hiacdve; analog switches 40 and 41 are hxmedoo Ui perform 
Teedback control of die »r.ruel ratio for cylindtias ^1 - 43 based on the output from oxygen .^oisor 6 
fui cylinders 0 1 $3. During die fiall cylinder operation, only analog switch 42 is nimed on lu (leiform 
feedback control for all cylinders based on the output of oKygen sensor 7 located in metged passage 
Id 

Tlie reason a specified tune delay is provided &i switching the outputs uf oxygen sensors 5 7 is to 
rake into consideration thr liroc needed for the oumbustion gas to reach oxygen sensors S * 7 during 
the cylinder switching period. If switehii^ drcuii 16 is activared simultaneously widi div cylinder 
switching, oldiough mumentarily, there is a possiliUi^ that the OTQ^gen concentration of \ht exhaust 
gas (ram the inacdw cylinders will be detected. This would lead to creating a potential risk uf causing 
confusion in die feedback control as indicated earlier the tips deliy a^^ures that this probleiti will bo 
prevented ftom occuning. 

Ncict, air-fuel ratio control circuit i? is designed to output an alr-fiirl ratio correction signal r« EGl 
circuit 1 1 mentioned eaHier based on the output of o?orgcn sensors 3 - 7 so that the feedback conuol is 
performed to obtain an air-fuel ratio close to the stoichiometric alr^ftid ratio. 

Number 19 represenls a standard voltage generator that outputs die snmdard voltsfie corresponding 
to the noichiometric air^iiel ratio, v«ile number 1 8 is acomparaior ihat compares tiiis standard vultage 
with me ou^ui of die oxygen sensors nwniicmcd above. Number 20 represents a cotiecrion cirtuit that 
oufpwii a correcfton signal based un deviation of the outputs of comparator IS and die established 
stwdaid signal. Number 22 represents, as described later, a clamp (photf/ circuit i« hold the output 
value at a constant value by iniKi nipting die feedback connul based on the outputs of monitor circuit 
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21 thw deicimincs the output condiiioo of A« - 

With the confijuration explained ah«ve.^„ cylinder, d,. „ 

«mreUo« M ftcsto.cl«o...e,ric v.J« «„ b.ST,ppUed to cyii„d«»„ 

Consequently, il.ree-way catalyst 3 can Ach.V.. 

V achieve Jiiab efficiency oxidation of HCanJrn 

reduction of NO* „ same time ' ^ <>f HC «,d CO as wrti ag 

V «Buy5t4 « nuaBedpasiage Id can insran.lv achieve ahi.hi«-«. • 

« ^v^tr^ .bre«.way ca.aiy« 4. but al«, .„ ^p,^ ^^^^ 



vmvcatalym2«,.d3. TlusacmaUyittulhbAniarkeddcc«a.eintheIoadonthree.w^ca»dy5t4. 
which penniB decreasing the capacity of thiee-w^y catalya 4. 

Next. th« w,xkiDg sample 5hou« in f i«. 6 i, a syaem in t^ich the scnemi^J vo^^^^^ 
by inpurtog .^Mc cylinder ,isnal n, st«d«rd volt»se generator I ^ in «,ch a that th. 

«ars« air-ft,«l rati, for feedback cor-trul duting tfaa 3.cyIi«W operation Is sUghily lower than the 

sioichioroerric aif-fud ratio. 
In addition, ihe working ocample dio«« i,. Rg. 7 ia a £y«.», in which ^st(.m oxys«, «a5o« 5 

«nd 6 ore aiimin^.^d. air-fucl rudo feedback coatttrf « intenuprad during dte J-cyIi«der operation. 

and ,h. .pacified «ir.fueJ rado « «« at a vah« th«i3 alighdy lowe. than the stoichiomenic air-fud 

rano. I" «'*ter a. achieve this control. Ae feedback control l«ia»,rup.ed and 1th b*^^^^^^^^ 

air-fuel mio when variablo cylinder control ^gaal V ia inpmto a clamp circuit. 2r. 
In all of th«e v«,xking exmnples. the »r fuel mno i, set dighdy lower than A. noichiometric 

value to achieve NOx reduction efHclency uf the upstream th,ee.««y catalysts 2 and 3 « hi.h as 

possibl.during.hcJ^,i,dcr6pe«i<«,«J.j,eat.hcsameti«eHCa„dCOcaab.o«di^^ 
sufticen. amount of «^,cn at three-vy catalyst 4 .n the merged p««gc which lead. «, r.«her 
improvement of exhaust emission contrel eflicieney. 

M explained «b„ve. accordmg to this mve..non. it is no longer ..eccssaty to switch the cylinder 
group, dating panial cylinder openttioa. which tends u, ^vonen d.e driving feeling, resulring in 
.mprov.men:lndrivi„gperformflnc..Thetei.al»anotheroutct«ulingeirectth«^ 

of the exhau,, characteristics .h« t««. to occur when the engine opamhon .s switched fron. the 
partial cylmOer mode to the full cylinder inode. 

Brief Rxplaaation of Urmvings 

Fig. 1 1. a« .pp„x,„ate plan viewof .hi. invenhoa Fi^ 2 explai,., ,he variable cylinder co.,tn,l 
P«u»™. r.g. 3 is , block diagram of d« vanablc cylinder «y„e„. working example No wlule 
F.;, 4 a block diagr^n of i„ v. .blc cylmder cy.»m d.cuit Fig. 5 ,s a block *ag,a.„ of d« 
*«..chi„,circ„itFigs.6and7.eb.ockdi.^gram.ofthec.ouols,s.c«,fororherwo*^^^ 



o/ibis lAvention. 
1. . Hngi/ie Dody 
lb and It. . . Exhaust Ptssauc 
Id. . . Merged E^d>4U6t Passage 
2, 3, ami 4. . . llwee-Wio^ Gitalystj 
5.^.and7... Oj^ygw Season* 
11.. Ftiel Injecooa Coanol Circuit 
12. . . VCS Circuit 
15. , . D*lay Circuit 
16. . . Sua idling Ciicuit 
17... Air-Fuel RaAo Contiol Circuit 

P««u AppUcont: Nissan \fotof Company. Li4 
Agem PatentAttomey;MaMyoslji(ioto 
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